Purified polyclonal antibodies have been obtained against 100 KD and 36 KD Ag-NOR proteins. These two antibodies have been used to study the immunolocalization of both proteins on different cell types subjected to various conditions of cell activity and to observe a nucleolar labelling with anti-36 kDa Ag-NOR protein antibody evenly distributed over the dense fibrillar component and granular component, and with anti-100 kDa mainly localized to the dense fibrillar component. After actinomycin D treatment, immunolabelling with both antibodies was found restricted to the granular zone of segregated nucleoli. Moreover, to further study the functional role of these proteins, we have used an electroporation system to introduce both antibodies into the nuclei of living cells, and have clearly detected a different nucleolar behaviour.
The nucleolus represents a distinct biochemical and morphological structure of eukaryotic cell nuclei where the synthesis and processing of rRNAs and the assembly of precursors for the large and small ribosomal subunits occur (14, 21, 25, 45) . To better understand this complex process of ribosome biogenesis, it would be of great importance to elucidate the function of the different nucleolar proteins that participate in it, without being part of mature cytoplasmic ribosomes.
Nucleoli possess a high affinity for silver staining, this argirophilicity being due to the presence of some non-histone acidic proteins, the Ag-NOR proteins. Between the more likely candidates for argyrophilic proteins are found the C23 and B23 proteins and also the larger subunits of RNA polymerase I, but the exact nature of Ag-NOR proteins is still controversial. Protein B23, also called nucleophosmin, N038 or numatrin, is a 36-38 kDa nucleolar phosphoprotein which is more abundant in proliferating than in resting cells, and may be involved in assembly and/or transport of ribosomes (20, 46, 54) . Protein C23, also called nucleolin, is another abundant nucleolar phosphoprotein, with a molecular mass of around 100 kDa, which seems to be involved in the early stages of ribosome biogenesis and to be associated with rDNA-containing structures (19, 44, 48) . The interest in Ag-NOR proteins started with the finding that their amount is directly related to the degree of transcriptional activity, its detection being used as a marker of nucleolar activity and cell proliferation (10, 12, 15, 23, 30, 34, 35, 38, 40) .
To elucidate the role of these proteins on nucleolar activity it would be important to introduce antibodies against them into cell nuclei and to study the induced modifications. Some experimental approaches have already been carried out by means of microinjection of antibodies against major nucleolar proteins into the cytoplasm of cultured cells (5) and of anti-C23 into cell nuclei (16) . It is known that immunoglobulins cannot passively diffuse through nuclear pores (17, 50, 51) , therefore we planned an approach by means of an electroporation system. Electroporation involves the application of high-voltage electric field pulses of short duration to induce the formation of transient pores in the membranes of cells. Under appropriate conditions, the diffusion and exchange of intracellular and extracellular components Rodrigo et al. can take place during the lifespan of the pore, and macromolecules such as antibodies or DNA present in the suspending medium may enter into the treated cell (53, 55) . Electroporation thus can be regarded as a massive microinjection technique that can be used to inject a single cell or millions of cells with specific components in the culture medium (9) . As already explained, NOR-silver staining is being used as a marker of nucleolar activity and cell proliferation. Several studies have been carried out on the immunolocalization and functional role of proteins B23 and C23 in the nucleolus by using monoclonal or polyclonal antibodies against such proteins and the results have been put in relation to Ag-NOR proteins. However, in the present study we have assayed polyclonal antibodies obtained directly from the major 100 kDa and 36 kDa Ag-NOR proteins, detected after NOR-silver staining, in order to investigate their immunolocalization and behaviour in different conditions of cell activity. Moreover, to increase the knowledge about the functional role of these proteins we have observed the nucleolar behaviour by means of the introduction of both purified antibodies into living cells using electroporation techniques. Our results after morphological, cytochemical, immunocytochemical and morphometric studies allow us to suggest a different nucleolar localization and function of both Ag-NOR proteins on ribosomal biosynthesis.
MATERIALS AND METHODS

Cell culture
51-29 cells (American Type Culture Collection, ATCC, Maryland, USA) were cultured in Minimum Essential Medium (Sigma, St. Louis, MO, USA) supplemented with 5% denatured foetal bovine serum, 5% tryptose phosphate broth, 25 ng/ml fibroblast growth factor (Sigma), 100 U/ml penicillin-streptomycin, 1 % fungizone and 1 % antiPPLO (Gibco BRL).
TG cells were grown and maintained in cell culture flasks containing Dulbecco's medium (Gibco BRL) supplemented with 10% FBS, 2 mM glutamine, 1 mM sodium pyruvate, 100 U/ml penicillin-streptomycin, 1 % fungizone, and 1 % antiPPLO.
For actinomycin D (AMD) experiments, 75% confluent SL-29 cells were incubated with 0.05 pg/ml to 1 pg/ml AMD (Fluka, Buchs, Switzerland) for 6 hr. After this treatment, cells were processed for immunofluorescence and immunoelectron microscopy.
Antibodies
Each antiserum was produced in two different rabbits by subcutaneous injections of crushed gel slices containing the 100 kDa or 36 kDa Ag-NOR proteins, identified by means of the NOR-silver staining on gels (35) , and obtained by preparative gel electrophoresis from whole protein extracts of animal cells as previously described (24) . Antisera were concentrated by ammonium sulfate precipitation, dialyzed against PBS, affinity-purified according to Olmsted (1981) (36) , and desalted with Econo-Pac 10 DG Columns (Bio-Rad, Richmond, CA). Finally, polyclonal antibodies against 36 kDa and 100 kDa Ag-NOR proteins were concentrated with Centrifugal Ultrafree-20 Filter Units (Millipore, Bedford, MA).
Immunof luorescence Cells grown on glass coverslips to 75% confluence were treated for immunofluorescence as previously described (41) . As the first antibody step, cells were incubated with a 1 : 25 to 1 : 100 dilution of our antibodies against 36 kDa or 100 kDa Ag-NOR proteins in PBS for 45 min a 37°C in a humidified chamber. Second antibody incubation was performed with a 20 pg/ml dilution of affinity-purified sheep anti-rabbit IgG-fluorescein, F (ab')2 fragment (Boehringer Mannheim Biochemicals, Indianapolis, IN) in PBS with 0.5% BSA for 45 min at 37°C.
Slide specimens were photographed on an Olympus Vanox AHBT3 fluorescence microscope. Micrographs were prepared with a Kodak TRI-X-PAN film processed to 400 ASA.
Electron microscopy
Cells were processed for morphological and immunocytochemical electron microscopic studies after reaching 75% confluence. For the morphological study, they were fixed in 1.6% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2, for 60 min at 4°C and post-fixed in 1 % osmium tetroxide for 60 min at 4°C . Samples were dehydrated in acetone at progressively higher concentrations and embedded in resin (49) .
For the cytochemical study, cells were fixed in 1.6% glutaraldehyde in 0.1 M cacodylate buffer, pH 7 . 2 , for 10 min at 4°C, followed by a postfixation in C arnoy's solution (1 : 3 (v/v) acetic acid: ethanol) for 10mm at 4°C.
For electron microscopic immunolocalization, cells were fixed in a mixture of 4% paraformaldehyde and 0.1 % glutaraldehyde in 0.1 M cacodylate buffer, pH 7.3, for 60 min at 4°C.
Fixations were performed on the culture flasks and subsequently, cells were scraped and pelleted by centrifugation. Samples were incubated in 0.5 M NH4C1 for 4 hr at room temperature to block free aldehyde groups.
Lowicryl K4M-embedded sections
Low-temperature embedding with the hydrophilic resin Lowicryl K4M (Chemische Werke Lowi., Waldkraiburg, FRG) was performed according to the method described by Roth (42) , with slight modifications (33) .
Cryoultramicrotomy
TG cells were fixed in 4% paraformaldehyde and 0.1 % glutaraldehyde in 0.1 M cacodylate buffer pH 7.2, washed in cacodylate buffer and PBS, scraped from the culture plates and pelleted after centrifugation. Pellets were embedded in 10% polyvinylpyrrolidone (PVP) in 2.3 M sucrose and processed for Cryoultramicrotomy.
Ultrathin sections were cut on a Reichert Jung Ultracut E ultramicrotome, mounted on 300-mesh copper or nickel grids and photographed in a Philips CM-10 transmission electron microscope (Servicio de Microscopia Electronica, University of Seville). One-step silver staining
This technique was applied, following Howell and Black (28) and Ploton et al. (39) , with the modifications of Moreno et al. (33) .
Immunocytochemical labelling
Grids were treated as previously described (41) . The first incubation step was carried out in polyclonal antibodies against 36 kDa or 100 kDa Ag-NOR proteins diluted 1 : 10 to 1 : 100 in PBS for 1 hr to 24 hr at room temperature. Labelling was performed in protein A-gold complex prepared following Bendayan et al. (1) and diluted according to Roth et al. (43) .
Electroporation
Exponentially growing TG cells were harvested and resuspended in HeBS (20 mM Hepes, 137 mM NaCI, 5 mM KC1, 0.7 mM Na2HPO4, 6 mM dextrose) at a final concentration of 6 X 106 cells per milliliter. Antibodies against 36 kDa or 100 kDa Ag-NOR proteins were added to the medium at a final dilution of 1: 20 and kept at room temperature for 10 min. Cells were transferred to pre-chilled cuvette chambers (2 mm gap), and electroporated in a BTX Electro Cell Manipulator 600 Electroporation System (Biotechnologies & Experimental Research Inc., San Diego, CA) at a capacitance level of 1600 ICF. Each pulse was delivered at an average peak field strength of 1.6 KV/cm for 10 msec and after 10 min at room temperature, the cells were removed from the chamber and seeded in culture plates. After 6 hr of culture, living cells were fixed in 1.6% glutaraldehyde, processed for morphological electron microscopic studies, as already described, and for a subsequent morphometric study. Controls were performed after the electroporation of TG cells in the absence of antibodies but with the application of the same electric pulses.
Conditions for electroporation were chosen in a way that maximum penetration to the nucleus and highest viability of cells could be attained. The study of cell viability and of penetration into the cytoplasm was carried out using the unpermeant dye trypan blue. The percentage of permeabilized cells was the number of blue-stained cells measured as a percentage of the total number of cells. The introduction of antibodies into the nucleolus was followed using affinitypurified sheep anti-rabbit IgG-fluorescein (Boehringer Mannheim Biochemicals) as the second antibody after the fixation of electroporated cells.
Morphometric and stereological analysis
This study was carried out on 40 images per group of nucleoli chosen at random, taken from ultrathin sections of normal TG cells, control TG electroporated cells and TG cells electroporated with polyclonal antibodies against 36 kDa and 100 kDa Ag-NOR proteins. Images were digitalized, processed and analyzed in the IMAGO automatic image analysis system (Servicio de Microscopia Electronica, University of Seville). The parameter measured was the nucleolar area on each group of cells. Data were analyzed statistically by the Student's t-test. A statistical difference was considered when p<0.01.
Mono-dimensional gel electrophoresis (SDS-PAGE)
SL-29 and TG cells were trypsinized from culture flasks after attaining 75% confluence, washed in PBS and pelleted after a mild centrifugation. Extraction of proteins and electrophoresis on 12% SDS-polyacrylamide gels using the Mini-Protean II electrophoresis cell (Bio-Rad., Richmond, CA) were performed as described by Laemmli (29) . A set of molecular mass standards were obtained from Bio-Rad and of pre-stained molecular mass standards from Fluka.
Total proteins in gels were revealed with Coomassie blue staining.
Electrophoretic transfer and immunoblotting
Proteins were transferred electrophoretically from polyacrylamide gels to nitrocellulose paper (52) . The first incubation step was performed in antibodies against 36 kDa or 100 kDa Ag-NOR proteins diluted 1 : 100 to 1 : 1000. Horseradish peroxidase labelled goat anti-rabbit IgG (Bio-Rad) diluted 1 : 3000 was used for the second antibody incubation. The reaction was visualized with chloronaphthol substrate.
One-step NOR-silver staining on nitrocellulose membranes was performed as previously described (41) .
Photographs of gels and transfers were taken with an AGFA Copex Rapid A.H.U. film processed to 9 ASA.
RESULTS
Purified polyclonal antibodies were obtained, as previously described, against Ag-NOR proteins isolated from gels after application of the NOR-silver staining and selection of those migrated at 100 kDa and 36 kDa. To characterize the nucleolar antigens recognized by these antibodies we carried out monodimensional gel electrophoresis of whole cell extracts obtained from SL-29 and TG cells, followed by electrophoretic transfer. We found two polypeptides which respectively migrated at 36 and 100 kDa immunoblotted with our polyclonal antibodies. After NOR-silver staining on nitrocellulose membranes, two positive main bands were detected in the same migration position as with the antibodies, together with a protein at 28 kDa and other bands not so clearly visible. Corresponding Coomassie-stained gels of cell extracts showing the full complement of extracted proteins and negative control assay in which antibodies were excluded confirmed the blotting immunospecificity (Fig. 1) .
Under immunofluorescence microscopy and after immunolabelling with a 1 : 25 to 1 : 100 dilution of our polyclonal antibodies against 36 kDa or 100 kDa Ag-NOR proteins on fixed SL-29 cells a bright nucleolar fluorescence could be observed (Figs. 2, 3 ). On the other hand, SL-29 cells treated with 0.05 to 1 pg/ml AMD showed an intense labelling with both antibodies restricted to nucleolar crescent zones and also a bright nuclear fluorescence suggesting a translocation of both proteins from the nucleolus to the nucleoplasm (Figs. 4, 5) . At the ultrastructural level, SL-29 cells frequently disclosed reticulate nucleoli characterized by a network of threads, or nucleolonema. Some fibrillar centres (FCs) could be detected total or partially surrounded by dense fibrillar component (DFC). Granular component (GC) and interstices usually appeared between the nucleolonema threads (Fig. 6) . When we proceeded to NOR-silver staining on SL-29 cells specific silver precipitate was localized mainly over both the FCs and DFC and also over the nucleolonema threads, but not localized over GC (Fig. 7) . Immunolabelling on SL-29 cells after applying both antibodies against the 36 kDa and 100 kDa Ag-NOR proteins was found over the nucleolonema threads, DFC and GC. The FCs were devoid of gold particles. However, we observed that immunolabelling with anti-100 kDa displayed a higher density of gold grains localized over the DFC, in close association to the FCs, than in the nucleolonema threads, while anti-36 kDa antibody was more equally distributed over the DFC and GC (Figs. 8, 9 ).
Following a 6 hr exposure of SL-29 cells to 1 pgl ml AMD, electron microscopy revealed a characteristic segregation of nucleolar main components, with the fibrillar component separated from the granular component and the amorphous zone ( were fixed in 1.6% glutaraldehyde, post-fixed in 1 % osmium tetroxide and embedded in Spurr resin. Uranyl acetate and lead citrate counterstaining. X 72,800 Bar=0.1 pm FIGS. l 1, 12. Gold labelling is mainly found over the granular zone (G) of nucleoli after using our anti-36 kDa (Fig. 11 ) and anti-100 kDa (Fig. 12 ) polyclonal antibodies. Cells were fixed in 4% paraformaldehyde-0.1% glutaraldehyde and embedded in Lowicryl K4M. (Fig. 15) . With anti-100 kDa antibody gold particles are mainly over the dense fibrillar component (Fig. 16) . Fig. 15 X 111,800 Bar=0.1 pm Fig. 16 10 ). Immunolabelling with our polyclonal antibodies against Ag-NOR proteins on SL-29 cells previously exposed to AMD was mainly found over the granular zone of the segregated nucleoli after using both antibodies (Figs. 11, 12 ). On the other hand, TG cells disclosed nucleoli with a compact morphology, formed by FCs that were found at least partly surrounded by DFC, and the GC (Fig. 13) . After-embedding immunoelectron microscopic localization with anti-36 kDa antibody in TG cells was detected over the nucleolar DFC and GC (Fig. 14) . When immunolabelling with this antibody was performed on cryosections of TG cells a similar distribution of gold particles was observed, localized over the DFC and GC and leaving the FCs free of labelling ( Fig. 15 ), whereas with anti-100 kDa antibody the amount of gold particles was higher over the DFC than in the GC, but the FCs remained without labelling again (Fig. 16) .
In order to contribute to elucidate the role of these proteins on nucleoli we proceeded to introduce both antibodies into the nuclei of TG cells. To carry out a real evaluation of the modifications induced in TG cells after electroporation with our polyclonal antibodies we first studied the alterations occurring after the electroporation technique without the introduction of antibodies. At the ultrastructural level we found that TG electroporated control cells showed voluminous compact nucleoli, with several small FCs surrounded by DFC, embedded in the GC (Fig. 17) . When the anti-36 kDa antibody was added to the electroporation medium we detected nucleoli with small size FCs, surrounded by DFC, and where the GC disclosed a structure made of numerous small granules perfectly individualized and interstices (Fig. 18) . However, when anti-100 kDa antibody was added to the electroporation medium we could easily detect a segregation of the nucleolar fibrillar component of TG cells, where the DFC and FCs could not be distinguished (Fig. 19) .
Finally, we carried out the quantitative analysis of cell size after electroporation without the addition of antibodies and we were able to observe an increase in nucleolar size when compared to nucleoli of normal TG cells. After the addition of anti-36 kDa, nucleolar size did not show any statistical difference from nucleoli of TG electroporated control cells. However, when anti-100 kDa antibody was used, the area of nucleoli was similar to that of normal TG cells but smaller than that found on TG electroporated control cells and TG cells electroporated with anti-36 kDa antibody (Table 1) .
DISCUSSION
Previous studies have revealed that Ag-NOR proteins are associated with active ribosomal genes and it has been demonstrated that they are joined only with the transcribed part of the ribosomal transcriptional units spread on grids (13, 25, 44) . Ag-NOR proteins are detected by a specific silver staining procedure based on the ability of such proteins to reduce silver under acidic conditions (22, 28) , a mechanism in which has been reported to be involved in the presence of clusters of thiol groups (11) . Several studies have shown that NOR-silver staining contrasts the nucleolar fibrillar component differentiating the fibrillar centres from the dense fibrillar component according to their different reaction intensities (26, 33, 39) .
To contribute to elucidating the role of these proteins we first proceeded to obtain purified polyclonal antibodies against the major 100 kDa and 36 kDa Ag-NOR proteins detected and isolated by means of NOR-silver staining. We tested these antibodies on whole protein extracts of SL-29 and TG cells and observed two polypeptides which migrated at 36 and 100 kDa when immunoblotted with our polyclonal antibodies, respectively, the same migration pattern as the main bands obtained after NOR-silver staining on nitrocellulose membranes. Ultrastructural immunocytochemistry has allowed the study of the distribution of B23 and C23 proteins in various cell types and in different conditions of cell activity (2-4, 19, 31, 48) . However, to our knowledge, studies with polyclonal antibodies obtained directly from proteins detected with NOR silverstaining have not been carried out. We have observed the major 100 kDa and 36 kDa Ag-NOR proteins to colocalize in the DFC, nucleolonema threads and GC of nucleoli of SL-29 cells. Immunolocalization with both antibodies on TG cells on cryo-sections however displayed some differences, as the 100 kDa Ag-NOR protein was mainly localized to the dense fibrillar component while the 36 kDa protein was found more evenly distributed over the dense fibrillar component and granular component.
Subsequently we proceeded to the cytochemical localization of Ag-NOR proteins after NOR-silver staining, and we detected the specific silver precipitate mainly dispersed over the FCs and DFC, distribution which coincides with that obtained in several studies (14, 33, 37, 41, 56) . However, our results on the localization of Ag-NOR proteins differ substantially from our immunocytochemical results, as immunolabelling with our polyclonal antibodies has not been detected on the FCs, but on the DFC and GC. Considering that proteins B23 and C23 have been described as the major Ag-NOR proteins, these variations have also been found by other authors, who affirm that staining with silver salts does not parallel the labelling with either the B23 or the nucleolin antibody (4) . These data suggest the presence in the FCs of other nucleolar proteins with different molecular masses capable of reducing silver salts that could be responsible for these contradictory results and also allow us to suppose that these proteins might suffer a change in their structure through the mechanisms of synthesis and processing of rRNA in which they are involved.
In order to contribute to the better understanding of the functional role of these Ag-NOR proteins we followed with experiments of inhibition of rRNA synthesis after the addition of drugs, such as actinomycin D, to the culture medium. Actinomycin D binds to guanine bases in DNA strands to interfere with DNAdependent RNA polymerases and then to inhibit RNA synthesis, causing notable morphological changes in nucleoli. Although this drug inhibits all kinds of RNA synthesis, the most preferential target is rDNA (32, 47, 57) . When 0.05 to 1 lug/ml AMD was added to the culture medium of SL-29 cells for 6 hr and immunofluorescence with anti-36 kDa polyclonal antibody was studied, we observed that the bright nucleolar fluorescence obtained in control cells changed to a labelling restricted to crescent zones and an intense nuclear fluorescence which suggested a translocation of such protein from the nucleolus to the nucleoplasm. Several authors have described this effect induced on protein B23 during treatment with certain anti-tumor drugs such as AMD (6), luzopeptin (59), doxorubicin (8) , camptothecin (6) and toyocamycin (58) . These studies have indicated that the "B23 translocation assay" is a simple and rapid method of determining the efficacy of these agents on anti-tumor treatments. However, other nucleolar proteins such as nucleolin and fibrillarin have been described as not being so sensitive to translocation under the same conditions as protein B23 (7). Nevertheless, in SL-29 cells, we found a translocation of the 100 kDa Ag-NOR protein induced under the same conditions as these applied to the study of the 36 kDa protein. Scattering of Ag-NOR proteins in Ishikawa cells induced by AMD has also been described, and demonstrated to be dose-dependent (56) . These authors suggest that AMD affects intranucleolar DNA, inhibiting rRNA synthesis and provoking nucleolar segregation, from which Ag-NOR proteins leave towards the nucleoplasm, forming fibrillar bodies together with other nucleolar proteins, but without any rDNA. Other studies using different experimental approaches have arrived at the conclusion that both nucleolar proteins shuttle constantly between nucleus and cytoplasm, and suggest a role of these major nucleolar proteins in the nucleocytoplasmic transport of ribosomal components, and that the transient exposure of the shuttling proteins to the cytoplasm may provide a mechanism for cytoplasmic regulation of nuclear activities (5) .
We continued with the study at the ultrastructural level of the immunolocalization of major Ag-NOR proteins on SL-29 cells after treatment with AMD, and observed that the distribution of gold particles was mostly restricted to the granular zone of segregated nucleoli, which morphologically may represent the bright crescent zones observed under immunofluorescence microscopy. However, we were not able to detect a nucleoplasmic labelling that could parallel our observations on immunofluorescence microscopy. In this regard, Biggiogera et al. (4) did not find either a redistribution of B23 protein to the nucleoplasm in the conditions of a physiological diminished rRNA synthesis existing in Golgi phase spermatids. However, our immunocytochemical results are not in accordance with the observations of other authors who have immunolocated the 100 kDa protein on the fibrillar zone of nucleoli where rDNA transcription had been blocked with AMD (19) . Likewise, in the case of AMD treatment, our immunolabelling results do not agree with the finding that Ag-NOR proteins have been localized to the fibrillar zone of segregated nucleoli of different types of cells after applying NOR-silver staining (26, 27, 34, 56) . Notwithstanding, Biggiogera et al. (4) have found that as nucleolar inactivation progresses through cap phase spermatids, the signal for B23, and later for C23 disappears completely, and affirm that neither the level of B23 nor the level of nucleolin completely parallels the level of nucleolar activity, nor the staining with silver salts.
To further study the functional role of these proteins we assayed the introduction of our polyclonal antibodies against the major 100 kDa and 36 kDa Ag-NOR proteins into the nucleus of TG cells whose nucleolar structure has already been intensely studied. To better understand the modifications induced with these antibodies on nucleoli, we first analyzed the alterations provoked with the electroporation technique. On TG electroporated control cells we observed voluminous nucleoli which disclosed statistical differences when compared to normal TG nucleoli. This increase in nucleolar area could be due to the nucleolar response against the damage induced by a physical stress, leading to a rRNA synthesis reactivation which is morphologically reflected on a larger number of small fibrillar centres and on the increase in nucleolar size. When our antibody against 36 kDa Ag-NOR protein was added to the electroporation medium, and after a period of 6 hr in culture, we noted that the morphology of nucleoli had changed, disclosing a granular component revealing a structure made of numerous granules perfectly individualized and interstices, and also that nucleolar size was similar to that of TG electroporated control cells. These data, together with the increase in nucleolar size when compared to normal TG cells and to the small size fibrillar centres, allow us to think that reactivation of nucleoli seems to be taking place and, considering the immunolocalization of this protein, to suggest that this antibody is able to induce the blocking of certain proteins involved in the late events of ribonucleoprotein processing. On the other hand, our antibody against 100 kDa Ag-NOR protein did not induce any statistical difference on nucleolar size compared to normal TG cells, although nucleoli appeared with a segregation of the fibrillar components, after a period of 6 hr in culture, which indicates an inactivity state in the rRNA biosynthesis events. These results, together with the immunolocalization of the 100 kDa protein mainly over the DFC, allow us to think that the impairment must take place on the early stages of transcription and processing of rRNA occurring on the fibrillar component of nucleoli. Different data were obtained by means of microinjection of anti-C23 antibody into nuclei of Chironomus salivary gland cells, as the authors found a stimulation on the synthesis of pre-rRNA with little effect on processing of the rRNA precursors (16) . However, they consider these results as somewhat paradoxical and explain that rDNA transcription, rRNA maturation and ribosome assembly are under common mechanisms and that the rate of transcription may be governed by the rate of the entire assembly process. They suggest a role of protein C23 in regulation of rRNA transcription and that a feedback mechanism may be needed to prevent build-up of excess nascent RNA when other preribosomal components are limited in supply.
In conclusion, after the application of morphological, morphometrical, cytochemical and immunocytochemical techniques, and the study of nucleolar behaviour following the impairment of rDNA transcription by means of an AMD treatment or the blocking of major Ag-NOR proteins by means of electroporation methods, our results suggest that the functional role of the 100 kDa and 36 kDa Ag-NOR proteins, localized to different nucleolar components, is closely related to the nucleolar ribosomal biosynthesis. Likewise, our study corroborates that the 36 kDa Ag-NOR protein would be involved in the late events of processing of ribonucleoproteins while the 100 kDa protein would have a role on the early stages of transcription and processing of rRNA. However, the contradictory results obtained after applying our polyclonal antibodies and NOR-silver staining have opened a new door to study the existence of other possible Ag-NOR proteins that could explain these differences. Finally, we believe that the combination of these techniques could be considered a useful tool to deepen the study of Ag-NOR proteins and, furthermore, we think that the electroporation system could play a key role in elucidating the functional role of the different nucleolar proteins, and to deepen on the knowledge about the mechanisms of regulation of cell activity.
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